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TIN OXIDE ADHESION LAYER FOR METAL-DIELECTRIC MIRRORS 



BACKGROUND OF THE INVENTION 

This invention relates to mirrors, and particularly to mirrors 
comprising stacked pairs of transparent dielectric layers capped by 
a reflective layer of metal, particularly gold. 

One type of known mirror, particularly useful for multiple 
light reflections within semiconductor lasers, comprises a stack of 
contiguous layers of transparent material where the successive 
layers alternate between high and low refractive indices of light, 
e.g., odd numbered layers being of a high refractive index while 
even numbered layers are of low refractive index. At each 
interface between layers of different refractive indices, some 
amount of reflection of a beam of light directed at the mirror 
occurs, with the remainder of the light beam being transmitted 
through the stack for partial reflection at successive interfaces. 
For a mirror designed for use with light of a given frequency, all 
the layers are a quarter wavelength thick (as measured within the 
layers), and all the light reflected from successive interfaces is 
exactly in phase where the reflected light beam exits the front of 
the mirror. The greater the number of pairs of layers (each pair 
providing in-phase reflections ) , the greater is the total amount of 
light reflected and, conceptually, 100% reflectivity could be 
reached with a sufficient number of pairs. Some light is absorbed 
in the layers, however, and a peaking of light reflectivity occurs 
with increasing numbers of pairs. Substantially 100% reflectivity 
can be obtained, however (or a reduction in the number of pairs for 
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a given reflectivity), by capping or backing the stack with a low 
optical loss metal layer such as gold, silver, copper or aluminum. 

A problem with the use of these metals, and particularly gold 
and silver, is that they do not adhere well to known dielectric 
materials heretofore used in mirror stacks. The present invention 
significantly overcomes this problem. 

SUMM2kRY OF THE INVENTION 

A mirror comprising a stack of pairs of contiguous dielectric 
layers of high and low refractive indices terminates in a layer of 
tin oxide capped by a layer of metal, preferably gold. 

In one embodiment, each pair of layers in the stack comprises 
a first layer of a priorly used dielectric layer, e.g., cryolite, 
of low refractive index contiguous with a layer of tin oxide of 
high refractive index. The capping layer of metal is contiguous 
with the layer of tin oxide of the last pair of dielectric layers 
in the stack. 

In a second embodiment, all layers in the mirror stack, other 
than the last pair of layers, comprise pairs of priorly used 
dielectric materials, e.g., a layer of cryolite of low refractive 
index contiguous with a layer of zinc sulfide of high refractive 
index. The last stack pair, in this example, comprises a layer of 
cryolite contiguous with a layer of tin oxide capped, in turn, by 
a layer of metal. 

In a third embodiment, the entire mirror stack is in 
accordance with priorly known mirror stacks, i.e., with all pairs 
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of dielectric materials of the stack comprising priorly used 
dielectric materials^ but with a layer of tin oxide disposed 
between a capping layer of metal and the second layer of the last 
stack pair of layers. 

DESCRIPTION OF THE DRAWINGS 

The drawings are schematic and not to scale. 

FIGURE 1 is a side elevational view of certain internal 
portions of a known type of semiconductor laser device; Fig. 1 also 
showing, by virtue of a change of material of one of the device 
portions, a first embodiment of the invention; and 

FIGURES 2 and 3 are partial views of the device shown in Fig. 
1 but illustrating modifications in accordance with second and 
third respective embodiments of the invention. 

DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION 

An example of a known optical device 10 using known mirrors is 
shown in Fig. 1. The device is a vertical-cavity^ surface emitting 
laser (VCSEL) comprising a substrate 12 of a semiconductor 
material, e.g., GaAs, having a plurality of successively deposited 
layers on a surface 14 thereof. The first (in this example) eight 
layers shown comprise four pairs of layers 18 and 20 of the 
materials GaAs and AlAs. The two layers 18 and 20 of each pair 
have different refractive indices, and the four pairs of layers 18 
and 20 comprise a double ended "lower" mirror 24 for providing 
light reflection in the upper direction (shown by arrow 26) and 
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light transmission in the lower direction 28 (through and outwardly 
from the substrate 12). 

The lower mirror upper surface 30 is covered with a 
semiconductor light emitter comprising three layers, 32, 34 and 36 
of GaAs, where the bottom layer 32 is of N type conductivity, the 
top layer 36 is of P type conductivity, and the middle ("gain") 
layer 34 is undoped. By biasing the P layer 36 positive relative 
to the N layer 32, current is caused to flow through the middle 
layer 34 (from an electrode 40 contacting the P layer 36 to an 
electrode 42 contacting the N layer 32) which causes, as known, the 
emission of light within the layer 34 and transmission of light 
vertically outwardly from both layers 32 and 36. 

Mounted on the upper surface 44 of the P layer 36 is a stack 
50 of (in this example) eighteen layers comprising nine pairs of 
layers 18 and 20 of the materials cryolite and zinc sulfide ( not 
the same as in stack 24). The nine pair stack 50 also constitutes 
a mirror, but of the single ended type, that is, the upper end 54 
of the stack is capped with a layer 52 of metal for maximum 
reflectivity and no light transmission in the upward direction 58. 
As previously noted, different metals, such as gold, silver, copper 
and aluminum, are used as capping layers but, in general, gold is 
the preferred material owing to superior optical performance and 
high chemical inertness. A problem with the use of such metals 
(generally less so with aluminum) is that they tend to be poorly 
adherent to known dielectric materials used in mirror stacks of the 
type shown in Fig. 1. In a priorly known attempt to improve the 
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adherence of the metal capping layer 52 to the top end 54 of the 
stack 50, a layer 60 of sapphire is disposed between the top-most 
layer 20 of the stack 50 and the metal layer 52, 

While some improvement in adhesion results, i.e., in 
comparison with the metal layer 52 being in direct contact with the 
stack top-most layer 20, the failure rate of devices over time 
owing to delamination of the metal from the stack is excessively 
high. 

In accordance with one embodiment of the invention, an 
improvement in adhesion of the metal layer 52 in the stack shown in 
Fig. 1 is obtained by direct replacement of the sapphire layer 60 
shown in Fig. 1 with a layer of tin oxide. 

The use of layers of tin oxide in devices other than mirror 
stacks is known, and known processes can be used for applying tin 
oxide layers for use in mirror stacks in accordance with this 
invention. 

In one test, layers of tin oxide (SnO) were deposited on a 
GaAs substrate at approximately 2 A°/sec using electron beam 
heating of a source material of stoichiometric tin oxide (Sn02). 
Then, various metal capping metals, e.g., gold and copper, were 
deposited by resistive heating of source materials on respective 
tin oxide layers. For comparison, the metal capping layers were 
also deposited on typical dielectric layers used in mirror stacks, 
e.g., silicon monoxide, silicon dioxide, and titanium dioxide. A 
standard test for adhesion was performed on the various samples; 
namely, they were subjected to two minutes in an ultrasonic bath 
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and the degree of delamination of the capping layers was noted. 
Significantly, less delamination occurred with the metal layers 
adhered to the tin oxide layers. 

While all possible layers useful as capping layers were not 
tested, based upon experience, the technical literature and the 
limited tests actually made, it is expected that, in general, and 
particularly with chemically "pure" (stoichiometric) tin oxide 
(SnO^) layers prepared using standard commercially available 
apparatus, improved adhesion over what was heretofore available is 
obtained using, in accordance with the invention, a tin oxide layer 
for adhering a metal capping layer to the end of a mirror stack of 
dielectric layers . 

Additionally, of the various metals used for capping purposes, 
the preferred metal, owing to its superior optical performance and 
chemical inertness, is gold. Actual testing clearly revealed that 
excellent adhesion of gold is obtained by adhering it to a layer of 
tin oxide. 

As previously noted, a common practice for improving the 
adhesion of a metal capping layer is the use of an intermediate 
layer of sapphire. In accordance with one embodiment of the 
invention, the sapphire layer 60 shown (in Fig. 1) is simply 
replaced with a layer of tin oxide having the same optical 
thickness as the replaced sapphire layer. The optical thickness of 
any material film is the physical thickness divided by the 
refractive index of the material. 

In another embodiment, only partially shown in Fig. 2, the 
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sapphire layer 60 shown in Fig. 1 (on a stack of previously known 
dielectric material pairs, e.g., the aforementioned layers 18 of 
cryolite and layers 20 of zinc sulfide) is replaced with a pair of 
dielectric layers 70 and 72 performing the same optical functions 
as all the other pairs of layers 18 and 20. The layer 72 is of tin 
oxide and, similarly as the upper layers 20 of each pair of layers 
18 and 20, is of higher refractive index [n = 2.28 - 0.0003 x (A - 
700); where A is the light wavelength in nanometers] than its 
contiguous layer 70 of, e.g., cryolite. Other suitable known 
materials having refractive indices lower than that of tin oxide 
are, for example, cryolite, silicon dioxide and magnesium fluoride. 
In this embodiment, a metal capping layer 52 is disposed directly 
on the surface 74 of the tin oxide layer 72. A layer of sapphire 
between the tin oxide layer 72 and the metal capping layer 52 (such 
as the layer 60 on the stack 50 shown in Fig. 1) is not used nor 
even desirable; the adherence between the metal capping layer 52 
and the tin oxide layer 72 of the Fig. 2 embodiment is superior to 
the adherence of the metal capping layer 52 to the sapphire layer 
60 in the Fig. 1 embodiment. 

In a third embodiment, only partially shown in Fig. 3, a layer 
20a of tin oxide is used as the higher refractive index material in 
all the dielectric material layer pairs of the stack. By way of 
example, and in comparison with the stack 50 shown in Fig. 1, the 
layers 20 in Fig. 1 are replaced with layers 20a of tin oxide while 
the layers 18 remain cryolite. As in the Fig. 2 embodiment, 
however, a layer of sapphire is not used and the capping layer 52 
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is directly contiguous with the top-most layer 20a of the stack. 
Also, other low refractive index materials can be used for the 
layers 18. 
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WHAT IS CLAIHED IS: 

1/. In a metal capped mirror comprising a stack of dielectric 
layeors of alternating high and low indices of refraction capped 
with a layer of metal, the improvement comprising a layer of tin 
oxide to which the metal capping layer is directly adhered. 

2 . An improved mirror according to Claim 1 wherein said tin 
oxide layer is disposed at an end of a stack comprising an integral 
number of pairs of dielectric layers. 

3. An improved mirror according to Claim 2 wherein all of 
said stack layers are of materials other than tin oxide. 

4 . An improved mirror according to Claim 2 wherein said tin 
oxide layer is one layer of a pair of dielectric layers disposed at 
said stack end. 

5 . An improved mirror according to Claim 4 wherein all of 
said dielectric pairs comprise a layer of tin oxide. 
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ABSTRACT OF THE DISCLOSURE 

A mirror of known type comprises a stack of pairs of 
dielectric material layers of alternating high and low refractive 
indices and a metal layer, preferably gold, capping one end of the 
stack. For improvising the adherence of the metal layer to the 
stack, the metal is directly contiguous with a layer of tin oxide. 
In different mirror structures, the tin oxide can be an extra layer 
added between the end-most pair of layers and the metal layer; or 
the tin oxide layer can comprise one layer of only the end-most 
pair of dielectric layers in the stack; or all of the pairs of 
dielectric layers in the stack can comprise a layer of tin oxide as 
one of the pair layers. 
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LN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Declaration and Power of Attorney 
As the below named inventor, I declare that: 

My residence, post office address and citizenship are as stated below 
next to my name. 

I believe I am the original, first and sole inventor of the subject 
matter which is claimed and for which a patent is sought on the invention 
entitled, TIN OXIDE ADHESION LAYER FOR METAL-DIELECTRIC MIRRORS the 
specification of which is attached hereto. 

I hereby state that I have reviewed and understand the contents of 
the above identified specification, including the claims, as amended by an 
amendment, if any, specifically referred to in this oath or declaration. 

I acknowledge the duty to disclose all information known to me which 
is material to patentability as defined in Title 37, Code of Federal 
Regulations, 1.56. 

I hereby claim foreign priority benefits under Title 35, United 
States Code, 119 of any foreign applicatlon(s) for patent or inventor's 
certificate listed below and have also identified below any foreign 
application for patent or inventor's certificate having a filing date 
before that of the application on which priority is claimed: 

None 

I hereby claim the benefit under Title 35, United States Code, 120 
of any United States application{s) listed below and, insofar as the 
subject matter of each of the claims of this application is not disclosed 
in the prior United States application in the manner provided by the first 
paragraph of Title 35, United States Code 112, I acknowledge the duty to 
disclose all information known to me to be material to patentability as 
defined in Title 37, Code of Federal Regulations, 1.56 which became 
available between the filing date of the prior application and the national 
or PCT international filing date of this application: 

None 
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I hereby declare that all statements made herein of my own knowledge 
are true and that all statements made on information and belief are 
believed to be true; and further that these statements were made with the 
knowledge that willful false statements and the like so made are punishable 
by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may jeopardize 
Lhe validity of the application or any patent issued thereon. 

I hereby appoint the following attorney (s) with full power of 
substitution and revocation, to prosecute said application, to make 
alterations and amendments therein, to receive the patent, and to transact 
all business in the Patent and Trademark Office connected therewith: 



Lester II. Birnbaum 
Richard J. Botos 
Jeffery J. Brosemer 
Kenneth M. Brown 
Donald P. Dinella 
Guy Eriksen 
Martin J. Finston 
James H. Fox 
Barry H. Frecdman 
Julio A. Garceran 
Money R. Ghose 
Jiiwny Goo 
Anthony Grillo 
Stephen M. Gurey 
John M. Harman 
Donald E. Hayes, Jr. 
John W. Hayes 
Mark A. Kurisko 
Irena Lager 

Christopher N. Malvone 
Scott W. McClellan 
Martin G. Meder 
Geraldine Monteleone 
John C. Moran 
Michael A. Morra 
Gregory J. Murgia 
Claude R. Narcisse 
Joseph J. Opalach 
Neil R. Ormos 
Eugen E. Pacher 
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Jack R. Penrod 
Daniel J. Piotrowski 
Gregory C. Ranieri 
Scott J. Rittman 
Eugene J. Rosenthal 
Bruce S. Schneider 
Ronald D, Slusky 
David L. Smith 
Patricia A. Verlangieri 
John P. Veschi 
David Volejnicek 
Charles L. Warren 
Eli Weiss 
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31,864) 

P-42079) 
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39.010) 

36,658) 

27.949) 

26,585) 

30,592) 

P-42201) 

39,058) 

29,355) 

27.407) 

17,765) 



I hereby appoint the attorney (s) on ATTACHMENT A as associate 
attorney (s) in the aforementioned application, with full power solely to 
prosecute said application, to make alterations and amendments therein, to 
receive the patent, and to transact all business in the Patent and 
Trademark Office connected with the prosecution of said application. No 
other powers are granted to such associate attorney (s) and such associate 
atLorney($) are specifically denied any power of substitution or 
revocation. 

Full name of first joint (sole) inventor; 



Inventor's signatiSji^e 




Kiith WSyl^p' Goossen 




Residence: 18 Deborah Lane, Aberdeen, NJ 07747 
Citizenship: USA 

Post Office Address: 18 Deborah Lane, Aberdeen, NJ 07747 



Full name of second joint inventor: 



NONE 



Inventor's signature 



Date 



Residence: 

Ci tizenship: 

Post Office Address: 
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ATTACHMENT A 



Attorney Name Henrv I. Schanzer. Esq. Reg. No. 25.219 

Michael Y. Epstein. Esq. Reg. No. 21.186 

Telephone calls should be made to Henry I. Schanzer at : 
Phone No.: (732) 572-3984 

Fax No.: (732) 572-3553 



All written coninuni cations should be addressed to: 

Henry I. Schanzer, Esq. 
29 Brookfall road 
Edison, NJ 08817 
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